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Amplifiers 
Operate 



IMI'KNVI MPN1S IN MATIRtAI-V. itl ilr 

sifin, or in h.istc .tiipl nation comcpK 
ol'kn rr<;utt in llu' rriti-.t(tvfry of a rv\ 
atii'flv oUl (ifvm;, ami in its wiilt- 
^prc.itl use in nt-w rt]iiipiiKnl Sitih is 
tJic <ast with tlic m.iiiactii aniplific-r, 
in cUxtncal (unrnil toiil ilut in in.iny 
insLinics (jn oiitpcrtorm L-Iatninif 
4tnplt(i(.>rs, and i.in dn sn witltoui "kill 
glovf" tft'atmcul. I'rt'sciil ap('liiatiiiris 



arc In I lie i.«tiilrt)l urcitits of jiiuiinatii 
pilols. ftrc I'tuitml a[>[\ira(us. viill.i^^i' 
aiul Ircijut'iii y reuiililiirs. wtiiiliiii; 
rcL]-,, .ul J u viable spitJ iiiiiiiir>.. i'.Htvry 
ifuil^icr'i. aiiii iiwny (J.'pfs (»[ iiiiliiilrial 
t<](tipin(nt. 

It.ii.u ally, a ri\.i;;nil fi .iiupltlicr i«iii 
sisii 1)1 a '^iiiirahk- lorr rr.uim .mil j 
lixi'il plati- rfttit'iff If .1 l(tw vtilta^t iv 
appl it'll ti» a simple irnnmre reaitur, 



llic tinfvM ltir<iii£:li tin.- ua^lor IiinliU 
up until till' iriitmeil UmU. cinf is hii^ti 
iimu^li hi tslalili^^fi steady state tonji 
tiotis, [■xTiuiitini^ tlif tlow iif only a 
small exutin.U mrreiit ll llic vtill.i_i;e, 
atui lu-ncc llie mat;(iftt);inj; Idrte. is 
;:;rjijiully im uastj, ihc lltiv Jtnsily 
»'in imrv.ise, Hy ili'l'iniiida. the per- 
meability fi of lilt' fore is <il any point 
eiju.il til tlie iliipe of tlic li H iiirvc 
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.1! lll.tt UIVLll |H»l(lt. "I'ticiflurL-, llic 

InriiH'.tbtllf)' ii iii.i\ittiiifr. .It jIic [viint 
ot itdlttiiiiii on tlif iii.i,mKiu,tlt*)ii 
ciirvf. .111,1 ajipro.u lits zero in llu- 
rc^iiin ot ali-Dliiff lorc vitur.ition. 
I-KJinitution til' ilic t'iiji>l.ti»c'nlJl 

/. KX'ii-'r (!) 

wlitTcin .( .inJ / .trc utic J i nun -.ion v 
(criK"! stidiHLiI ArtM .iiul l[.'ni;ili). A' 
is tJn mirnlxr oT rijm«:. .iml K i^ 4 tan- 
sum. -Uinvi tli.it llif iiiiitiit.imf. L, 
.Hill jlitrtUia' lilt iiii|H'il.iiU(.% /. of ,in 
in(liiit<»r I'-i ilirLiily jiftjiiiirlton.il Ut tin- 
pcnm.ihtJiiv. ,1. I'luiv .tii}- «i>iiirol 
SiliC'iiK,' uliiitr v.ttiis ;, ii III fu»t v.iry- 
in^ lliL' .iniiuiDt n( (iiric'iil tli.it is lir- 
ciil.Ui'il llir(ini;li 'he fiitliittar .il ,1 JiNi-tl 
a pill it'll i'(ill.ii;i-, 

riii*i i.k-.i js rtptiscntcil .cr.ipln. .illy 
in I i_:;, I. 11" "./' t\ 1 luism ,l^ (lie tipii- 
- .ilini; pnni. ,in ,ilki rutin-; flux, ./,,. is 
sii itp, .iit.l the back nnf. 
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is i[iiiif l.iruf, Itiit if llif opii.iim^n 
piiiiii is iiiDviil to "//■. iii-.ir lin s.iiitr.i- 
(lull nyiiili. !,*>.. i> mimII. Iirilii.- llif Kuk 
(iitl. 



■N 



it,;t. 



is <iiii.ill, ,iri>l J lii^li v.itiic of ill ru til 
cm (Uiw. 

Aldioutili sjH'ci.il I ore iti.ilcrt.iK U.nc 
bctn (luvrlopfil t« i^ivc ncMrly tcit.m^ 
iibr hy-ittrctis loops. ,1 s.ilur.iKIc rcif. 
tor, ,1-! iisi'ii in llif sinipliit lorin of 
maijnflfc ;imptifitrs. opL r.iirs in ,1 ni,iii- 
ner simil.ir 10 tli.il .li']ii>k-ii in I'ii: 
1. 'I'hf .tpl'lit.ition of .1 lie volt.i;;v 
to itiiJiviilii.il wiiii lines on the mrc 
scrvts in ir.insl.ik' tltr opcr.ilini; point 
jlon.t; tlif ni.iun('it;c,iiioii tnrvv. .mil 
liiiK rt'yitl.tif tin- How of jMiwtT uir- 
rint to tliv lo.ttt. 

A MntjiUlit'il oi.ii>n«.iik-.implitT nr- 
lint !■> sltoivn in I'il" 2. .iloiiu wiili 
osi i!l(urniiii> of fu.iil \ii,i,ii;f lorrr- 
sjvin.itni: h) .lilfcriiK r»|H'(,ilini: poinis 
-iloiic I In- in.ii.'iit'iij'.itinn mn-i- In this 
CtTtiiil. .1 iiiL'li iniptil.uuc h pl.Mril ill 
series Willi )Ik- lunirol liriuit to irnni- 
mi/c iIk' lliiw of j-i' viirrcnti* st't up hy 
transt'oniiiT .titinn 'I'la' RvtiftiT in 
sffic's with tlif lojii prt'vfots iknuj;- 
ncii?.ilioii of the lori- on llii' nci;.itivL- 
one liiilf of i-.ii I1 jHivvcr lytlr If opcr.i- 
tion oiiiifs .iImhii point ,j. tlic- rh.ini;f 
in tins i.iiiscil by ihr.tltirn.itini; supply 
volt.iuc ttoidil not Ik' ure.ifcr tji.ni the 
flux c'h.tn.K'. .(-f, rcijiiirrci to s.iliif.ue 
the lOrc: ilitTiftiic, .ilniosi iill of 'he 
supply xoll.iuf. r.u. v,tnM jppc-.ir 
.uioss till- re.it toi. *l*hc ItM.I volt.iqc. 
El- woithl |ic tiei;li;jfl>!e At point // 
on the uitve, the .iv.iil.iMe Ilii\ ch.mee 
wniilj li^ ^rciiier than //-f, the .tmmint 



Atlvarjta^LS of Magnetic AmpHfiers * ,^, 

• Kiij^jjetlnt'ss jnti iihility lo withvtitiid severe shock and vibriUton. Mag- 
nefif .Htipli tiers iiisu rttjuirc (10 wnrni-iip perioil, lontdin mi moving parts, 
iifierate ,ti low co.st, require a iniiiioiuni ot ni.iinieoanee, and have long life. 

• lii[nii (.iniiiis i,.m be totnpleiely isolaied, };alvanically, from the output 
lirtuii. Multiple input circiiiis e.in be used lo "mix" the separate si^^nals 
so the amplifier resinmds to the itiinpostce m aljjchraic sum of the signals. 

• Little energy dissipatiim. (Tliis is in dircei contrast to vacuum lubes, 
the iiiiern.tl intjied.iiHe of whiih is resistive instead of inductive. ) Can be 
ilcNit;ned to ni.itili the iinjuil.iTue ot iHith the toad and the signal source* 

No 111. Ill hint; K.insltirim-is aie reiiuired. 

• Oiitjmt is nearly tndejiendeiit of lluctuatiuns in a-c supply voltage. Ampli- 
fiers liaie been dtvi^^ticd wherein a thirty percent change in a-C voltage 
c.itt.sed nti more th.in one .ind one-lialf percent change in output current 

• No practical si/c limicaiion. kaiings up lo 50,(100 KVA, and powct 
gains uj) 10 ItHi.oiHi are le.isiWc in multiple stage units. 



U 111 i t ,1 1 t o II s (if Maj^nctif Amplifiers 

• Because of (heir iron-cure cunstniciion, saturablc-reactur applicattoos are - ;. 
lunited to the lower frccjiieney ranges. While this limits some radio and <+ 
radar appIicHtioiis, it has no praciieal elfect on most industrial uses. 

• Sp«ed-of-rts(M>n.se is low. especially at litwcr frequencies. This time , ", 
dutiiy nuiy cause "hunting" in some types of control ciicum. Tlfe use of a 
multiple number of control wtmlings fun her reduces spced^of -response. 

• [inless push-pull circuits arc used, "ierti-signai" correction can be '"^^f 
acliie>ed only by additional eonipeiisating reactors or b)- die addition o^ V 
extra windings to the existing reactor. Obviously, tUf iactf^uei tbe cost 

o( ihe anipltlier. _ ' ij ' ;*>V.'. 

• Magnetic amplifiers often become unstable when usftd 10 supply, highly 
inductive Uiads. A coiiimutating rectifier across the loaii tniy be necessary 
[o short -circuit the current flow initiated by (he cttUl^ise of the nagnedc 
field which surrounds the inductive loads. 

• Amplification is low for small sign id inputs, unless peimaaeat-magpet 
biasing or some ecjuivaletit scheme is used. '. ^.. 



rci|iiiieil for s.itnration. In this c.ise 
ifie core vv»niUI he s.itnr.iicil tUiring the 
litter p.irt tif the ly* Ic .iiul .some cur- 
rent would p.iss through the loai!, tic- 
veloptng a sin.tll volt.igc. E/,. At other 
points along the tiirvc, satttraiion 
would oriur e.irher in ilic cycle, and a 



the supply voltaije bein;^ absorbed by 
the load. In any case, the volt.igc on 
I be ncg.ilive one half of each cycle 
would appear across the rectifier, if 
I lie recftfier permitted no reverse-cur- 
rent leakage, 

A schematic di.tgram of one type 



correspond ill i;ly );rf,itef load volt.i^c of self-.satur.iting magnetic amphficr is 
wouU\ be developed. Opcr.ilion at shown in I'ig, 3. 'ITic a-c power wind- 
potnl r wtHilii result in nearly .ill of ings arc placed on the outer legs of (he 
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Magnetizing Force-NI 

Tig. 1- I'-llcit <<( ^.itiir.ilioii nil :iM iinii i mFl- Iriuttir. If >( i^ iIk- ii|>i r.itliti; piiint, tlii- 
b;iik L'ltif is (argi* .intl iiiiJ\ ^ Mii.dl jnitiiirtt lif titrri'iil k'AU IImu . 'Mki- 4i*nM'rM- is 
true it h in the niicriitini; )<iiirii. A ^^Mlll;ll1U- ri'^utir us iisul in ilie Miii|>k>'fi lunii itl 
nvtyfiwc aiii|ili(i(.-rs iipcrnii"! in it ^iiiiil.ir liiaiiiicr tii ri'KuJ^K.- lutrcix fl<iw. 




Fig. 2 — Nrii^nL-ti/alinn iiirxi ••( :i •,ii)i|tli> iii.ifiiu'tii atn|iJiliLr, .mil um i[lii^r,i|tti tr.iivi <i( 
Mlppty Vdtit^e rt'lj[ii>i)<>liig<'i .ii |i<iiiii>. .(, />, r. it, ;iiiil 4 uti>it)i ilic i urti-. Hit iiTir>('il,Mi<f 
in ihis I in nil miniiiii'rs ilii Mnu ni ni (iirriiit riMiltiiip Iniiii ir.iiistoriiicr .itiixn, iinti 
tllf rt'itihi^r pre^fnrs i[ciiiut;iu'li/'iliMfi nil (lu- ni'i:-ltiM- h.tlf itj tlif J>iiMiT t\tlr. 



cote. Dry vAmq rettirtcr-; arc instrtcJ in 
series wjtli '.-.ah ac coil lo prevent 
ctcmagnc'li^Jiitm of I lie Hire on tlx* 
[ic/;;tfive otifii.ilf of each cytlf. 'lite 
d< conlrdi rirtuit is ainmtl uvlt the 
centtT !e^ 'Hit' iiniilirt.vtion.il Jinx mI 
lip by the d-t winding; [•>;t<:«i(.'S t)u()ii,i;h 
the center palfi ai the core an J divitlcs 
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ittlo llif two iiiiler tfji;<; 'riii- tot.i! Iliix 
in thf iL-ntcr It^ j< aciu,!!!)' a pulsating 
uiiriltret'tiiin.)! fitix. 

'I'lie nM,i;rtc"ln ainpltrirCiiri iiit of i'i^. 
■1 i-i simiLir In llic ihree-coi) tirtuil of 
I'iji;. 1, Intt it i> Jt*vi;;nt.l In /;ivc a 
lie output, Tlif sitmbrity Ix-twct-ii thi-i 
(in ml .will .1 full w.ue elivlnmit -ret- 



lilii r (iriiiit \s eviikiit from \\k liruiii. 

T\k ;;4in or amplificrflion fjitor nf 
.1 Miiiplf in.i/^fiiii. .Jinplilitr c.in k' 
;;rf.itljf iflirejscd if vll ex<it.ition is 
iisetl I'i^ •> illii'^lrjte'i liii- list of 
liei||>.iik or self CM it it ion. In llif* <ir 
(flit llic .1 ( load iiirrcnl is rolilied 
.md p.iNscd ilirou^li luo wiitdiiii;<i, one 
on i'.kIi \,itiir.ilde realtor A1tliaii;!ll i> 
lias a piih.itin^ * li.trjitcrivtii , lliis rn 
tified ciirrtnt wliitli is "led buk" sup' 
plcrncnr'; ihr sepir.ue di mntrol cm- 
rent in ilcliTininin^' tlie position of tiic 
oiieraiin^ iMiini on llie satiir.iiioii lurve 
Tin- (eed l>,i(k current tnay aid oi op- 
pose the sip.trair d-< conirol mrreiit, 
tn eillR(*iase llic dt,crLf of core sat- 
iir.ilion will dcj^nd mi tU'f ihix, and 
the inJljnj tilde ol , ihc d t <ii^njl re- 
• jiiirid to priidiiM a i; is III I ha n 41. in 
lii.id iiirreiil will lie i eS.it tvily siiial! 
To induate lliis i:(,iplii. .illy, tcfereiue 
K ni.ide lo Til;. (• tlic uirvt. X^'Z, 
represenrs a lypK.d plot of a-t otiipiit 
iiirrciit .IS a fiinilimi of total d ( lonliol 
iiirreiil, (or a uiveti >iire iiialenal and .i 
^istn appliVd a-r vidlatji "lite loial 
d t toiitrol lurrent ri'lVrred to wnidd 
l>f the lititiv u\ fetdliail mrreiir and 
si.i;nal cnrrenl. atotit; ssiili hiat curreiii, 
11 I he latter were itsed. Assiiitunp tlial 
the rat I tier is ptrfirl (iha) is. it ti.ts 
Keto forviMfd resist aiue aiii! infinite 
h.iikss-arti resistarjfel. the r(\)ified feed- 
haik current ssitl tv- proportion.!! lo 
the a <" output current a( every insiaiil. 
Tlicreforc. this n lilionsliip will In; a 
slr.nuhl loie sui h .i-. tff 'lire slope of 
I he line svill he ileteriniiitd hy I he mai: 
nitiide of the feedh.ivk. If no .sipi.d 
current ssere applied, the total d-r 
tontrtil iiirrenl should he comprised 
of ilie re. tified feidh.itk ciirrenl only. 
Siiiie Ihc ojHTattiti; point would haw 
((1 he on hotli iiir\e SYZ an.l line Ol.. 
it ss-iiiild U' at point /, ihe inii rsn lion 
of the Isso, "nius (>.\\ vviHild W ihe 
a I load iiirrelll diu Wifuld tlnw. To 
irii reasc lln lo.id . itrrrnt to a k .due 
ON. A "iliitial iitrrenl ri|u;rt lo A.7' only. 
s^'oiilil Ih re(|iiiiid ()t the tiilal d « 
uuK rol ciirrrnl. SP, the amount KK 
would he furnisheil l«y self extilal ion 

nnusu,d 1 liarai t> rislics may 1h' oIi 
tained by I he appfnation of a I.uj;e 
.iliiount of (visiuu- feeilliaik. foii- 
sider the- 1 iirvr sliowii 111 I-iL' '' With 
no s)i.;nal ciirreni. hiil u'itlt relative 
U'cdhaik proportional to (he slope of 
ihe line, (Hi opci.ition woiiltl oitiir 
.dniui pill I It /'. perniiiiin^ .i lariie a c 
load current If a sdjnal turrcnt Cipial 
to f^.'l were .ippded in opposiliim to 
the self-eiccitaiion turrcnt. the position 
of line. OR, would l-e translated tn 
position .^f,*, and the lo.id current 
would Iw reduced. Then if the op- 
[HVsint; sinnal curient were rctluiC'l 
from l),\ to some smIuc, (//', itit hud 
lurrent would ilianj;e from OH' to 
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0-c tonlrof 
l'i({. V' DimlvItT t'tfi'iiit ^ivin); ;i-c (m(> 
)ui|. l>nty vetiind h.iriiioiiic linit liJKlicr- 
urtliT cvcn-liMrniiinJi vtill.i^t"> mk iruluicj 
In lilt' ()-^ winiijn^ hy Irjtishimu'r ^tlitm^ 
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O'C ceiftriit 

rig. 4- — Mj^Titiii.' aniplilnrr lircuit ^iniiliir 
III J lull <iv,i\e (.■tconiiiii riviiMcr driuii. 
Ouipul ii ■[•(, inMi'Mii ol a\ 4f tfi (he 
prcviiiii^ liriujt. 



* a-t Svppljr 



I'itS. "> — Aniplilkation (jitliir fiT » niaj;- 
ni'tU jiiiplil'ii-r can K' iniri';rs«tl liy utc of* 
a ft-cilJ>4ik ijridir S:iriir.iiu)t> iijrrcnc U 
('i|ii,il III rlit i|ii.tiiiiiy stiitun 




Total D-e Cufftnl 



Fij;. (W lliiw fi'cilli.H k m« ti-j-vts ,iii)|ililli .iiioii Uuim if .\'l"/ 
ri'ftri'wnrs. a plul iil .11 mil pin turruil v« J ( Ut:tial tiirriiil .iml 
Of. is ,1 plot lit [III' Fi'citKiik Kirri'tii, / i-i lliv iipcrjiiii^; piiini. 
An ttitn'd^K in mku^I ittrniit Kf iniri'.i<ivs oiiipui OAl r<i OJV. 



T0I0I D-c cufftnt 



l-i>;, 7 I'K'i-sMVi' fxisHi^c ti'L'ilhailc tji^t rt'XsL'^ thv ItiiiM^iO' of iht^ 
iiiiipiM-tiiniriil iiirnnt inrti-. Ir ^ivct a '\(ij{) ^utioti" when tlie 
lil^nal iiirri-ni i\ tlii rcasnl (rimi OA rii OT, «ntf ihe (Hitput 
iiirrcni lunip^ Mtm front OH' lo r>i:' and ihcn quickly to OKi 




D-c control 

signal 
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rii:. H-Tlfca itt lU'H.inn' tinJ ihimum' (tfilKuk .m ilu- ilijr.ii- \-\^^ ij Mj^miii 4iiipliiii'r in wliiili Imtli ibc d-c ftiiihaik i-ut- 
jfH'.tit tiKvr'. Ill iiufiimii .iiiiplidi't^. Nr(Mii\i- iitiiti.nk in- nnt .tni! \W a 1 -upply iiim-nt lliiw in 4 junintim winilifn;- Ad- 
irf4<>it. iKr tini'.tiii^. ' I'lii-. ' iiimlv iiutii,iir [Miviii^i' liiilliMk. \uiiUKt' ol lli>'< t iriiiii, i\ tillk' Luiiipli'xity and iiiw iiiM. 



lilV, llkfl (iiruji i|iiukl^' 10 iiV'. 'this 

■'sn.ip" ait ion ;iivc< .1 tiiarJitcfistic 
Minil.ir til ilu- iiirvf I.ilx'lfil " \ 1" Id 
I*i^. ft. A nucnttic jni[»[iliLT ilfii^iifil 
witli till' projK-r .iirnyiiiil of ^I'll cxiil.i- 
tioii Id ^i\f "snap" ^ilitm rni_i;tu lie 
ii.sitl flltt lively 10 operate a rci.iy. 
n \\\v -.lit (.■:ti it.it lull wintlim;v air 



iiiniiii ittl "111 .\<. \a ik'irtMvc toff -ialu ra- 
tion, 1I1C Ci-t'ilKick is tif^.itivi-. Nuij.i- 
live ftTilluik iinpruves llie lini'arity of 
lite duraiiL-ristii- curves, as sfcn iu 
l-i^. s ({ itrvLs l,ilH.-kil " -1" and 

'Jims far in tlve dismssion of .self- 
cxtiiatiiin lor in.i;;nftti atu|ilt(ifis it 



rHiimii;!' I'^M.iM I rim: ^ — January. 195! 



lias !>uii assuincil tiut tlie feedback 
was apjilicd to .in isolaied set of wind- 
injL;s suili as those jn (-ij;. V A sclicme 
svlit-rt-in Unit ilie Ac ftcdiuck irurrent 
and till- a < juiwcr current flows in a 
lonimof] winditijj i.s shown in Fi^. 9. 
In this I irmit. d-r rurrcnt flows in 
tlif lixip tiimpitscit of [Otis ) and 5 
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anJ tlic I wo riLlificrs. Tlit- output 
%'olUi;i.' jirnss (lie lojJ would be in 
ac voUdfiv, bui, if (IcsircJ, a sccomi 
rectifier b/iil^e touM be added to give 
d-c output volume. 

In m.my .ipplit^tions of amplifiers, 
it is undesirable to have j static output 
current whun ilu' input dc current is 
zero. Hie svticm.itic in l*ig. 10 h.-is been 
included in tin's paper ba-.iuse it rep- 
rescntv one type tif circuit (hat iias been 
corrected for ";!ero si/^nal." Reference 
to till* dia^rarn will show that reactor 
'windin,i;> B and C wilt take a sniall 
exciting current from the transformer 
T, even though the signal current in 
.i is zero. Thi"; excitin,^ nirrent will 
he recti lied by /., and altliou.yh it will 
Itave only a small magnitude, it will 
appear as a d-t sii;nal in control wind- 
ing' /;' of the second stage. Reactor 
windifjgs /' .ind f7 will also take a 
imall cxcitinjc; current from transformer 
7*. In addition, they will take an in- 
crease in current hecause of the false 
signal in /;. Unless compensation were 
employed, this total 3C current would 
he rectified by M and would appear as 
a steady d-c uirrcnt through I he oper- 
ating windtn^g II'' on the relay, even 
thou|>h the input current through ji 
were zero. The circuit of I'tg, 10 has 
been corrected for zern signal by the 
addition of rectifier N and compen- 
sating windings // anil S. D< air- 



rent of sufficient magnitude and correct 
polarity is fed back from N through 
H, to cancel the effect of the false 
signal in E. In a like manner, d-c 
current is circulated through winding 
5 to nullify the effect of the normal 
exciting current through F and (», rec- 
tified by M, and circi/lated through 
ojM.-rjting winding If-'. Thus, by proper 
adjustment of the two resistors R, the 
inherent effects of exciting current can 
be completely nullified, and the pull 
on the relay armature is zero when the 
input signal is 2ero. The circuit shown 
uses only two amplifier stages. How- 
ever, more stages could be employed 
and properly corrct ted for zero signal 
by a simil.ir scheme. 

The schematic diagram in I'ig. 1 1 
shows how (he frctjuency of a -iOO- 
cytle alternator, driven hy a sepa- 
rately extited d-c motor, can he sta- 
bilized by a magnetic-amplifier con- 
trol. The saturable reactor winding IF 
is linked m.ignctirally with windings 
.V. V, and Z. Winding /J i.s csscnt rally 
a feedback winding. The relative 

J-C amjiere 

case of cur 
ings Y and Z increases the a-c current 
in winding IF, but an increase of cur- 
rent in X decreases the ac current in 
K^. Rectifier /' supplies shunt -field 
current to the d-c motor. A-c cur- 
rent to rectifier R passes through a 



polarity of d-c amnere turns is -such 
that an increase of current in wind- 



series-tuned circuit L, reson.uit at iJO 
cps. The filter circuit M supplying 
rectifier S is resonant at 450 cps, 'Hie 
principle of operation is as follows: 
A.ssume that alternator frccjuency is 
400 cps. Reference to the filter-char- 
acteristic cur\'es shows that the two 
scries filters L and AI arc drawing 
equal currents, Therefort-, currents in 
windings X and Y arc having no net 
effect on the satur.Uion of reactor W. 
If the motor speed decreases, the alter- 
nator frcijuency will drop below 400 
cps. I'lltcr /, takis more current; 
filter M takes less current. {Operat- 
ing points 5 and I ) IMder these 
conditions, the net ihfx i0v minus </)i-) 
will decrease core s.iluration in U", 
Then less field current will be sup- 
plied to ihc motor, its speed will he 
iiiireased. and the alternator frc- 
tfueniy will be increased. Conversely, 
if alternaior fretiucntv is too high, 
filter operation will lie at ^wints 5 and 
'J, and increa.sed core saturation will 
increase field current, decrease motor 
speed and alternator frecjucncy. 

In thf circuit described alxjve, the 
effect of "hunting" has been neglected. 
I'urthermore, in practical applications, 
it would be dcsir.»ble to furnish a 
regulated voltage to rectifier F. This 
would prevent the control circuit from 
misinterpreting a low-voltage condi- 
tion as a liiw-frc(|uency condition. 



Fip. 10 — Two-staBC mancltc amplifter itrcuit corrcticd (nr lern Fin. II — Maftnetic antpltlk-r tircuti (or Mabili/inf; the frciiuency 
siKnat input whith i^ necfssaty wlu-ii ihc amfjlifii'r is connected "f ' •ItK) oclealicrna«ir driven hv a separately excited d-c moior. 

Ill a tvlny M) iJiat the put' on tKe felai i* /ffn with zero input. In litis circuit, ilie effect of huntinj; itas been nej;letii*d. 
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